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The elevated temperature (2000F) short time tensile strength of cobalt was
of 5 mil continuous tungsten wires. This strengthening by 5 mil wires was
equivalent to 89 percent of theoretical strengthening and was comparable to
that attained by using the same quantity of 10 mil tungsten wire,

Hot pressed cobalt containing a random distribution of discontinuous wires
(10 mil, 5 mil or 2 mil cut into 1/8 or 1/4 inch lengths) were hot rolled
into 0. 050 inch sheet. Crack-free sheets were obtained from compacts con-
taining up to 30 v/o of 5 mil wire and up to 20 v/o of 10 mil wire.

Hot rolled cobalt sheets (0. 050 inch) containing 10, 20 or 30 volume percent
of tungsten wire of either 10 mil, 5 mil or 2 mil diameter and lengths of

1/8 or 1/4 inch in a random pattern were weaker than pure cobalt at

room temperature. However, at 2000F, the cobalt sheet containing a random
pattern of tungsten wire was approximately twice as strong as pure

cobalt sheet.
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NOTICES
When Government drawings, specifications, or other data are used for anyA
purpose other than in connection with a definitely related Government pro=
curement opération, the United States Government thereby incurs no
responsibility nor any obligation whatsoever; and the fact that the ]

Government may have formulated, furnished, or in any way supplied the
said drawing, specification, or other data, is not to be regarded by impli-
cation or otherwiseé as in any manner licensing the holder or any person

or corporation, or conveying any rights or permission to manufacture, use,
or sell any potential invention that may in any way be related thereto.
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Qualified requesters may obtain copies of this report from ASTIA, Document
Service Center, Arlington Hall Station, Arlington 12, Virginia.

Copies of ASD Technical Reports should not be returned to the Aeronautical
Systems Division unless return is required by security considerations,
contractural obligations, or notice on a specific document.
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FIBER REINFORCEMENT OF METALLIC
AND NON-METALLIC COMPOSITES
Interim Report No. IV
Contract AF 33(657)-7139
INTRODUCTION
selection and application of fibers to the reinforcément of metal matrices
—-and t6 demonstrate that this ¢can be achieved through the fabrication of

gheet and forged products.

- (1,2) _ e , , s
ASD Report Numbers II and III discusseéd the studies to consolidate
metals with metal wires by a powder metallurgy procedure. These

by sintering and hydrostati¢ pressing.

The work reported here i§ a continuation of the physical property eval=
uation, bonding studies, and consolidation studies of various systems.
Initial additional experiments were performed on swaging and rolling of

the composite material. Approval to proceed with Phase III was received
on August 17, 1962. As a result, work will coatinue on many of these items
and will include other forms of mechanical processing as proposed.

DISCUSSION
Procedure

ASD Repoi‘t 1.2 Numbers II and III described the procedures used in con~
solidating the wire and powder metal. These procedures are described
briefly again.
1. Hot Pressing
The hot pressing procedure furnished compacts with a density

of 96 to 98 percent of theoretical. The wire diameters were 10,

5, 2, and 1 mil. These were used in lengths of 1/8 inch to 3 inches.
The matrix materials consisted of nichrome, cobalt, stainless
steel, and L605 (cobalt alloy). Three types of hot-pressed compacts

were prepared. These were:

References are at ;.na of text
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2. Hot Rolling

_*2_—

a. 100 percent metal powder.

b. Metal powder plus random distribution of 1/8 to 1/2 inch
length wires.

€. Metal powder plus continuous or discontinuous wires
orientated parallel to the applied stress.

d. Metal powder plus continuous wires in alternate layers.

The continuous wires were laid out in separate layers and

metal powder was placed between each adjacent wire and between
each layer.

Three types of compacts were hot pressed. These were for rolling,
swaging, or forging. The compacts used for rolling were 3 inches
by 1.875 inches by 0. 385 inch. The initial forging compacts were
a 2 -inch diameter blank by 1 inch thick. The compacts for swaging
were 5.2 inches by 2 inches by 0.5 inch.

The compacts were hot pressed in a graphite die at temperatures of
2000 F to 2300 F depending on the composition at pressures of
4,500 psi or 5, 000 psi in either a hydrogen-argon atmosphere

or vacuum.

Twelve hot-pressed compacts were used for experimental hot rolling
studies. Some of these compacts were machined to fit into stainless
steel picture frames, However, the majority of the compacts were
used in the as-hot pressed condition (not machined), They were

shrunk fit into frames and covered top and bottom with 0. 062 inch

oo TR 3 v

thick stainless steel sheet. This assembly was welded completely
around to prevent the compact from oxidizing during the hot rolling,

The compacts consisted of cobalt, cobalt plus a random distribution §
of tungsten wires, cobalt plus tungsten wires aligned in one direction
and cobalt plus tungsten wires in alternate layers (each layer 0. 008
inch apart and 90 degrees to the adjacent layer).
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The hot "sheath" rolling was performed on a 2-high Stanat Mill with

5 inch diameter rolls. Most of the compacts were rolled in two stages.
First, the compacts were hot rolled. Second, they were warm rolled,
The hot sheath rolling phase consisted of heating the welded assemblies
to 2000F for 20 minutes before the first pass, and 5 minutes between

each successive pass. The material was transferred from the furnace

to the rolhng mill in the shortest time interval to minimize cooling.

'T‘he compact retained a greater amount of heat durmg each pass through
the rolls when the rolls were preheated.
Table 1 is a detailed record of the rolling procedire used on coinpact

343. This compact consisted of 10 v/o tungsten wire (5 mil) cut into

1/8 inch lengths which was randomly dispersed in a cobalt matrix,

Compact 343 was reduced approximately 15 percent on the first pass 5
and about 20 percent on the succeeding passes. The cladding was ’
stripped after 8 passes when the compact (core) had been reduced to

0. 065 inch.

Next, the compact was warm rolled by heating (furnace temperature =

1000F) for 10 minutes before the first pass and 5 minutes between

each succeeding pass. The purpose of warm rolling was to improve the

surface finish and flatten the sheet material. The rolling schedule ;
described in Table 1 for compact number 343 was typical for cobalt "(
base composites. This type of rolling schedule may not apply on

other types of compacts. For instance, a variation in the matrix ;
material, fiber orientation, or fiber volume percent may require a 3

change in the rolling practices.




TABLE1 - Rolling Procedure Composite No. 343

Composition -

Wire = 10 v/o 5 mil diameter tungsten wire 1/8 inch length

Matrix- cobalt

Assembly
Method

Rolling
Method

Wires and cobalt powder were blended by powder
metallurgy techniques and hot pressed at 2300 F
1 hour at a load of 4, 500 psi to furnish a composite
which was 97 percent of theoretical density. Hot
pressed size was 2. 98 inches by 1. 86 inches by 0. 340 inch.

Compact or (core) was shrunk-=fit into a stainless steel
frame and clad top and bottom with 0. 062 inch thick

L N Y

stainless steel. This assembly was weldéd completely
around to prevent the compact from oxidizing.

Heat composite to 2000F for 20 minutes before the first
pass and 5 minutes between each succeeding pass. Roll
on 5 inch diameter 2 high Stanat Mill.
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Table 1 - Cont'd = Hot Rolling No. 343

___Starting Thickness, inches Fm1shed Th1ckness, mches ~_ Remarks
Pags Composite Core 9 Red. Cor 5 G - -
approx.

. 433 .302 22 T U340 . 237
. 340 .237 22 .266 .185
.266  .185 20.0 213 .148 small break at

oneé place on
frame edge.

5 .213 .148 20.0 .170 .119 cladding bulg-

ing up from frame

. 170 . 119 .136 . 095 curved plate

.136 . 095 , .110 .077

.110 .077 15.0 . 089 . 065 tear in cladding

beyond core,
cladding rippled

PPN R |
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Cladding stripped from frame. Core dimensions were 9. 63 inch x 3. 11 inch x
0. 065 inch.

The next step was to warm roll by heating the core to 1000F for 10 minutes
before the first pass and 5 minutes between passes.

Warm Rolling No. 343

) Starting Finished
Pass Thxckness mches Thmkness, mches Remarks

. 065" . 064" flat

. 064 . 063 curled up slightly
. 063 . 061 flat

. 061 . 059 curved

. 059 . 057 flat

. 057 . 056 flat

G UND i

[l T B N

' Finished dimensions - 11.1 inches by 3.2 inches by . 056 inch



Rolling Results

Twelve compacts were hot sheath rolled into sheet. The rolling experiments
were designed to study the effect of rolling temperature and reduction rate

on the fabricability of sheet containing discontinuous or continuous wires. The
wire diameter, length, volume, and distribution were varied to evaluate their
effect on the physical properties of rolled sheet. Specimens were taken from
a number of the sheets for physical testing. The rolling experiments are still
in process to determine the best rolling conditions for each type of compact.
Table 2 lists the fiber-metal compacts rolled into sheet. Sheet specimens
have been selected for testing at room temperature and 2000F. The matrix
material was cobalt. The tungsten wire used was 10 mil, 5 mil, and 2 mil
diameter cut to lengths of 1/4 inch, 1/8 inch, and 3 inches. The wire

content of these compacts was varied from 10 to 32 volume percent.

The rolled sheet containing a random distribution of 2 mil diameter tungsten
wire exhibited the best surface appearance. There was no evidence of cracks
on the surface or edges. The sheets containing a random distribution of 5 mil
diameter tungsten wire cut to 1/8 inch lengths were also crack-free. Several
of the sheets containing 10 mil diameter 1/8 to 1/4 inch tungsten wires showed
edge cracks averaging 1/8 inch. Sheet number 329 containing 10 mil tungsten
wire (30 v/o) cut to 1/4 inch showed cracks perpendicular to the rolling
direction. When additional compacts containing 30 v/o of 10 mil tungsten are
rolled, the rolling schedule will be changed to eliminate the surface cracking.
Two compacts (numbers 336 and 339) containing continuous 10 mil diameter
tungsten wire embedded in a cobalt matrix were also rolled into 0. 059 inch
sheet. Compact 339 consisted of alternate layers of continuous 10 mil
diameter tungsten wire. Each layer was 90 degrees to the adjacent layer

and spaced 0. 008 inch apart after rolling.

The rolled sheet from compact 339 was severely cracked perpendicular to the ]
rolling direction in a number of locations. The long wires in compact 339
aligned parallel to the rolling direction were not elongating at the same rate

as the matrix at this rolling temperature.
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Table 2 - Rolling Results. Cobait=Tungsten Wire Sheet
Matrix = Cobalt

§ __Wire - Tungsten

Sﬁgé<é; W1re B Wire Wire ‘Wire u’Roll’ed Sheet
Neo. Diameter Length V/o Orientation Dimensions,

Comments

— = — T’““"in,c}hiei‘s — -
321  no wire w== === =-= 9.9'x 2.98'x . 045"
212 10 mil 1/8" 15.7 Random 11"x 2.4"x . 061"

340 10 mil "1/8" ° 32  Randoem 9.1" x3.1" x . 055"

320 10 mil 1/8" 10 Random  10.2"x 3''x.049"
325 10 mil 1/4" 20 Random 10.3"x 3' x . 056"
320 10 mil 1/4" 30 Random  8.2"x 3.1"x .067"

343 5 mil 1/8" 10 Random 11.1"x%3.2" x ., 056"
341 5 mil 1/8" 20 Random 10"x 3.2" x . 052"
342 5 mil 1/8" 30 Random 8.8" x3.1" x . 058"
345 2 mil 1/8" 10 Random 11.3" x 3. 2"%.056"

339 10 mil 3" 21.9 Alternate 9.6" x 3" x.056"
layers

33 10 mil 3" 21.7 Aligned  8.1" x2.9" x .059"
one direction

Excellent

Edge cracks =
surface laps

Good

Cracking -

to rolling direc=
tion across o
sheet - over 25%
area

Good

Good

Good

Very good
Severe cracking
A_to rolling
direction
cracked every
1/2"

Surface cracksl.
to rolling
direction (pene-
trate cracks
about . 010")
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The sheet fabricated from compact 336 (wires aligned perpendicular to the rolling
direction) showed fine surface eéracking parallel to the wire orientation. This

type of cracking may have resulted from the reduction rate used at 2000F. There=-
fore, the rolling schedule will be changed when additional compacts similar to
compact 336 are rolled.

Hot Pressed Properties

‘Table 3 shows the room temperature tensile properties of seven hot pressed

compacts containing a matrix material of cobalt or nichrome. Three compacts

were hot pressed under identical conditions to show the effect of wire diameter

as a means of strengthening cobalt. The two eompacts that contained wire had

a wire content of 18 volume percent. The wires were continuous and aligned in

the direction of applied stress. Compact 219 consisting of pure cobalt had a

tensile strength of 56, 000 psi at room temperature and 2, 700 psi at 2000F. Compact
220 consisting of 5 mil diameter continuous tungstéen wire in a cobalt matrix had

a room temperature strength of 66, 000 psi. Hot pressed compact 225 containing

10 mil diameter continuous tungsten w ire in a cobalt matrix had a room
temperature strength of 77, 500 psi.
Elevated temperature data were re‘pcrted‘@)‘ in ASD TR-7-924(111) for pure
cobalt and tungsten wires. Elevated temperature tests at 2000F were made

on hot pressed compact 220 (¢containing 5 mil tungsten wire). These élevated
temperature tests indicated that the 5 mil wire strengthened the cobalt about
the same amount as 10 mil tungsten wire. For instance, at 2000F hot pressed
cobalt had a tensile strength of 2, 700 psi; cobalt plus 18 v/o of 10 mil tungsten
wires had a tensile strength of 23, 600 psi; and cobalt plus 18 v/o of 5 mil
tungsten wires had a tensile strength of 23, 700 psi. The strengthening achieved
in the cobalt matrix at 2000F by using 18 v/o continuous tungsten wires was
equivalent to 89 percent of theoretical strengthening.

Another series of experiments demonstrated the effect of wire orientation
on strengthening hot pressed cobalt at room and elevated temperatures.
Eighteen volume percent of 10 mil diameter tungsten wire was used in each

stress. This compact had a room temperature tensile strength of 77, 500 psi

compact, The wires in compact 225 were aligned in the direction of applied
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and an elevated temperature (2000F) tensile strength of 23, 500 psi. When

the wires in each layer were aligned 90 degrees to the wires in an adjacent
layer, i.e., compact 226, the compact strength was less than compact 225
(wires all aligned in one direction). For example, compact 226 had a tensile
strength of 50, 000 psi at room temperature and 14, 800 psi at 2000F. At 2000F
the hot pressed compact with tungsten wires alighed parallel to the applied
stress were 9 times stronger than pure cobalt. Where the wires were in
alternate layers and only one=half of the total wires were aligned parallel to the
applied stress then the tensile strength at 2000F was 5.5 times stronger than
pure cobalt. The strengthening at 2000F was equivalent to 46.7 pércent of
theoretical strengthening. The wires perpendicular to the applied stress in
compact 226 had not contributed to the strengthening.

Sheet Properties

Table 4 lists the physical property data on hot rolled sheet composed of cobalt
and discontinuous lengths of tungsten wires orientated in a random pattern.
Three diameter tungsten wires were used, namely, 10 mil, 5 mil and 2 mil.
The wire was eut into 1/4 and 1/2 inch lengths. The wire content was varied
from 10 to 32 volume percent. The cobalt sheet containing a random wire
pattern was weaker than pure cobalt at room temperature. For example, the
pure cobalt rolled into 0. 045 inch thick sheet had a room temperature strength
of 112, 000 psi. The best sheet containing 2 mil random tungsten wires had

a room temperature strength of 83, 000 psi. Sheet 212 had a tensile strength
of 65, 200 psi at room temperature and 4, 510 psi at 2000F. This sheet was
approximately twice as strong at 2000F as pure cobalt. Other tests are in
process to determineé the elevated tensile strength of pure cobalt sheet at 2000F
and several of the sheets containing random 5 mil and 2 mil wires. Compacts
are also being prepared for rolling into sheet which will contain discontinuous
or continuous wires aligned in one direction. This latter type of sheet will
demonstrate the effect of wire orientation on the properties of rolled sheet.
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Several items must be considered in selecting a metal wire for strength=
ening a high temperature metal or alloy. The items related to the tungsten
wire surfaces are as follows:
(a) The tungsten wire will recrystallize at a lower témperature
when in contact with many matrix materials. This will decrease
the wire's strength.

(b) The tungsten wire may become embrittled at room témperature  __

by being in contact with many matrix materials.
(¢) The tungsten wire will react with Some matrix materials to form
a compound layer between the wire and matrix. In some instances
these layers may be brittle at room temperature. However, the
layers may be stronger and tougher than the wire or matrix at
elevated temperatures.

Therefore, it was hecessary to perform a series of experiments to study
the effect of pretreating the tungsten wire surface on the composite physical
properties.

On the majority of specimens tested to date, only one type of surface layer
exerted any significant influence in str

strengthening the finished composite.

This surface layer consisted of a plated layer of electroless cobalt on
continuous tungsten wires which were embedded in stainless steel. Here
the coated tungsten wire strengthened the stainless steel more than the

2
uncoated tungstén wire at room temperatures. For instance, it was reaported(")

in AST TR-7-924 (III) that a cold pressed and sintered composite of
stainless steel and continuous bare tungsten wires exhibited a tensile
strength at room temperature of 48, 000 psi while a stainless steel com-

exhibited a room temperature tensile strength of 58, 700 psi. The strength-

posite containing electroless cobalt-plated continuous 10 mil tungsten wires

ening achieved by using coated continuous wire was equivalent to 80 percent
of theoretical strengthening.
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In several composites, all three of the items listed above may have
influenced t he composite’s physical properties. However, as only a
limi ted number of tests were conducted on each type of surface layer,

overall physical properties.

Several methods were investigated to improve the bond between the matrix

~and wire. Some of these were: (a) form a thin tungsten carbide (WC)
layer on the tungsten wire as WC wets cobalt better than tungsten, (b)
activate the tungsten wire surface with palladium chloride (PdCL,),

(c) plate tungsten wire with electroless cobalt, (d) sinter at a temperature

near the matrix melting point to form a thicker diffusion layer.

Table 5 lists the specimens prepared to Study the items discussed above.
A series of test bars were prepared by using wires that had been car=
burized on the outer layer or coating the wires with a substance which
would form a carbide layer Simultaneously during the sintering operation.
The tungsten wires were carburized at 1750F, 1800F, and 1950F to form
tungsten carbide layers of 0.1 to 0.2 mil thickness. In addition, three
types of solutions were used to coat the tungsten wires before they were
embedded in the powder metal matrix. These coatings would form a

were carbon black suspended in oleic¢ acid, paraffin dissolved in carbon
tetrachloride, glycerine and ethylene glycol.

Two wire patterns were used in evaluating the effect of a tungsten carbide
surface layer in improving the bond between the wire and matrix. These
patterns consisted of (a) continuous wires aligned in one direction through-
out the entire specimen length, and (b) 1/2 inch length wires placed in a

staggered pattern.
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Control specimens were produced by using uncoated wires in a cobalt
matrix for comparison with the cobalt specimens containing coated wires.
The wire patterns and ¢onsolidating techniques were identical for both
types of specimens. Two specimens were fabricated by cold pressing for
each type of coating. Then one of these specimens were sintéred in
vacuum while the other was sintered in hydrogen. The results in Table 5

indicate that the cobalt specimens containing 1/2 inch lengths of 2 v/o

tungsten wires coated with carbon black, paraffin, glycerine or ethylene

glycol were weaker than pure cobalt. A metallographic examination indi=
cated that the glycerine coated wire had formed the best bond bétween the
cobalt and tungsten wires.

Two cobalt specimens containing 2 v/o of 1/2 inch length tungsten wires
coated with palladium chloride (?dCl2) were also tested. This PdC1 9
coating was not satisfactory because it reacted with the tungsten wire and
embrittled the wire during the sintering operation. Therefore, the specimen
strength was not improved.

The tungsten wires which were carburized at 1750F, 1800F, and 1900F were
used in a continuous wire pattern and 1/2 inch length staggered patterns.
The best physical properties were obtained from $pecimens containing
wires carburized at 1750F. This carburized wire strengthened the cobalt
at room temperature but the degree of strengthening was less than that
obtained from uncoated wires consolidated in the same manner. As an
example, Specimen 249 with 17.3 v/o of 10 mil tungsten (carburized at
1750F) had a room temperature tensile strength of 73, 600 psi as compared
to pure cobalt which had a tensile strength of 55, 600 psi. The specimen 210
reported (@) in ASD TR-7-924(III) containing 18 v/o of uncoated 10 mil
tungsten wires had a room temperature tensile strength of 85, 000 psi which
was equivalent to 98 percent of theoretical strengthening.

Bty 1 Mol ot T e



Effect of Wire Orientation on Cold-Pressed-Sintered Bars

Table 6 lists data on cold pressed and sintered specimens that containe
various percentages of 1/4 inch length 5 mil or 10 mil tungsten wires.
These wires were randomly distributed in a cobalt matrix. The sintering
temperature and times were varied from 2300F to 2550F and 1 hour to
24 hours respectively. All of the sintered specimens containing a random
distribution of short wires were weaker at room temperature than pure

cobalt. However, the data reported in another Section indicated that the

cobalt strength was doubled at 2000F when the cobalt contained a random
distribution of 1/8 inch or 1/4 inch length 10 mil tungsten wires in hot
pressed or rolled material,

Two stainless steel bars were also compared at room temperature. One

bar contained 17.3 v/o of 10 mil continuous tungsten wires while the other
bar contained 30 v/o6 of 10 mil 1/4 inch length tungstén wires in a random
pattern. These were uncoatéd wires. The room temperature tensile strengths
on these two sintered specimeris were 39, 200 psi for the continuous wire
pattern and 17, 500 psi for the random wire pattern.

Effect of Wire Overlaps on Composite Strength
Table 7 lists data on experiments to determine the effect of the overlap

between adjacent wires. These data were preliminary and no conclusive
results are yet available. Here ten wires were aligned parallel to each
other in one plane at the center of the powder metal tensile bars. In the
first group of specimens, the wires were 0.010 inch apart at the overlap
area while the other group were 0.020 inch apart at the overlap area.
Six specimens were prepared for each group with a different overlap in
each specimen. These overlaps were 1/8, 1/4, 3/8, 3/4 and 1 inch.
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Radiographic Results

The rolled sheets containing continuous or discontinuous wire patterns were
radiographed to evaluate the effect of fabricating on fiber orientation and
fiber stability. These are préliminary results obtained on ten sheets. The
sheets contained the following wire patterns:

a. Cobalt sheet containing continuous 10 mil tungsten wire.

b. Cobalt sheet containing alternate layers (each layer aligned 90°

to an adjacent layer) of tungsten wires.

Cobalt sheet-containing diseontinuous

b

pattern.

The radiographs indicated that the continuous wires in sheet 336 were unbroken
Here the rolling had been performed perpendicular to the wire alignment. The
radiograph of the alternate layer sheet 339 indicated that the wires aligned
parallel to the rolling direction had fractured into 1/16 or 1/8 inch lengths. The

selves in the rolling direction and that they had fractured into 1/16 or 1/32 inch
lengths. The radiographs indicated that the major portion of the wires fracturing
occurred in the wires aligned parallel to the rolling direction. Additional radio-
graphs will be obtained to determine how this wire fracturing influences the
physical properties.

CONCLUSIONS

1. Hot pressed cobalt was strengthened about the same degree by either 5 or
10 mil diameter continuous tungsten wires at either room temperature
or 2000F.

2. Cobalt reinforced by continuous 5 mil tungsten wires was about 9 times
stronger than pure cobalt at 2000F. This strengthening by 5 mil wire was

equivalent to 89 percent of theoretical strengthening.



Cobalt sheet containing tungsten wire distributed in a random pattern was
weaker at room temperature than pure cobalt. However, at 2000F, the

cobalt containing a random pattern of wire was approximately twice

as strong as the pure cobalt.

Hot pressed cobalt containing 21.9 v/0 of alternate layers of continuous

10 mil tungsten wires (each layer 90° to an adjacent layer) was not strengthened

(4,1

at room temperature. However, at 2000F, this composite was 5.5 times
stronger than pure cobalt. This strengthening at 2000F was équivalent to
46. 7 percent of theoretical strengthening.

Hot pressed cobalt containing up to 30 v/o of discontinuous 5 mil tungsten
wires could be hot rolled into crack-free 0.050 inch thick sheet. Hot
pressed cobalt containing up to 20 v/o of discontinuous 10 mil tungsten
wires could be rolled into 0. 050 in¢h thick erack-free sheet.

An electroless cobalt coating on tungsten wire improved the bond
strength between the wire and a stainless steel matrix. Other
coatings on tungsten wire such as tungsten carbide, PdClz and electro-

less nickel did hot improve the bond strength.

Discontinuous wires in a random pattern provide strengthening in sheet
or hot pressed material only at elevated temperatures.

Radiographs of sheets containing cobalt and a random distribution of
discontinuous tungsten wires indicated that approximately 50 percent
of the wires had aligned parallel to the rolling direction. Wires aligned
in this direction had fractured into 1/16 or 1/32 inch lengths. Wires
aligned perpendicular to the rolling direction were unbroken.

T
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Continue rolling experiments of composites containing wires.

Continue high temperature strength evaluation of hot pressed and

rolled material.
Investigate forging properties of composites containing wires.
Prepare final report.
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Hot pressed cobalt containing a random distri- |
bution of discontinuous es (10 mil. 5 mil or

2 mil cut into 1/8 or 1/4 inch lengths) were hot
rolled onto 0.050 inch sheet. Crack-free sheets}
were obtained from compacts containing up to
30 vio of 5 mil wire and up to 20 v/o of 10 mil
wire.

Hot rolled cobalt sheets (0. 050 inch) .containing
10 20 or 30 volume percent of tungsten wire of
either 10 mil, 5 mil or 2 mil diameter and
lengths of 1/8 or 1/4 inch ina random pattern
were weaker than pure cobalt at roem temper-
ature. However, at 2000F, the cobalt gheet
containing a random pattern of tungsteniwire
was approximately twice as strong as pure
cobalt sheet.

Hot pressed cobalt containing a random distri-
bution of discontinuous wires (10 mil. 5 mil or

‘2 mil cut inte 1/8 or 1/4 inch lengt were hot
rolled onto ‘0. 050 inch 8heet. ‘Crack-free sheets;
were obtained from compacts containing up to
30 v/o of 5 mil wire and up to 20 vjo of 10 mil
wire.

Hot rolled cobalt sheets (0. 050 inch) cantaining

10 20 or 30 volume percent of tungsten wire of }

either 10 mil, 5 mil or 2 mil diameter and
lengths of 1/8 or 1/4 inch in a random pattern
were weaker than pure cobalt at roem temper- |
ature. However. at 2000F, the cobalt gheet ]
containing a randem pattern of acsmmamm.t.wﬁn |
Was approximately twice as strong as pgure
cobalt sheet. ,
I

i}

UNCLASSIFIED

UNCLASSIFIED.

UNCLASSIFIED

Hot pressed cobalt containing a random distri-
bution of discontinuous wires (10 mil. 5 m
2 mil cut into 1/8 or 1/4 inch lengths) were hot
rolled onto 0. 050 inch sheet.
were obtained from compacts. containing up: to
30 v/o of 5 mil wire and up to 20 v/o of 10 mil
wire.

Hot rolled cobalt sheets (0.050 inch) containing
10 20 or 30 volume percent of tungsten wire of
either 10 mil, 5 mil or 2 mil diameter and
lengths of or 1/4 inch in a random pattern:
were weaker than pure cobalt at room ternper-
ature. However. at 2000F, the cobalt sheet
containing a random pattern of tungsten wire
was approximately twice as strong as: pure:
‘cobalt sheet.

Hot pressed cobalt containing a random distri-
bution of discontinuous wires (10 mil. 5 mil or
2 mil cut into 1/8 or 1/4 inch lengths) were hot

rolted onto 0. 050 inch sheet. Crack-free sheets, ;

were obtained from compacts containing up: to
30 v/o of 5 mil wire and up to 20 v/o of 10 mil
wire.

Hot rolled cobalt sheets: (0. 050 inch) containing
10 20 or 30 volume percent of tungsten wire of
either 10 mil, 5 mil or 2 mil diameter and
lengths of 1/8 or 1/4 inch in a random pattern
were weaker than pure cobalt at room temper-
ature. However, at 2000F, the cobalt sheet
containing a randem pattern of tungsten wire
was approximately twice as strong as pure
cobalt sheet.

Crack-free sheets]
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